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A f l i gh - t  i n v e s t i g a t i o n  was made t o  determine t h e  
p roP i l e -d rag  c::aracteris t i c s  or a P-!;~D a i r p l a m  



v\rj~ng with va r - lous  s u r f a c e  f i n f s h e s .  W o  phases of  th is  
i n v e s t i g a t i o n  were r e p o r t e d  i n  r e fe rences  1 arid 2, and 
t h e  t h i r d  and Last  ghase i s  r e p o r t e d  h e r e i n .  In r e f e r -  
ence 1 r e s u l t s  were r e p o r t e d  of t e s t s  made t o  determine 
b o u n d a r g - l z y e r - t r ~ n s l t i z n  l o c a t i o n s  afid p1.;ofile d rag  o f  
a wing s e c t i o n  x i t h  fa i rec!  snd s m o t h e d  s u r f a c e s .  In 
r e f e r e n c e  2 r e s u l t s  were r e g o r t e d  o f  t e s t s  nade t o  ds- 
t e r n h e  th.e e f f e c t  of s.ixrface rougkness on t h e  profile 
drag o f  t he  f a i r e d  eurfaces wlth t r a n s i t i o n  f i x e d  f a r  
fonvar.3. The r e s i i l t s  r e p o r t e d  k s r e i n  a r e  o f  t e s t s  made 
t, determfrie the  ? T o f i l e  d rag  of a wing s e c t i o n  having  
un fz i r ed  prDduction s u r f a c e s  covere6 w i t h  camouflage pafnt,. 
Tke  2 re sen t  t e s t s  anc? t hose  of r e f e r e n c e s  1 a 2  2 Incluiec? 
?.kicL; nurn_bers through the  c r i t i c a l  va lues  ; i n  t h e  prese- t  
t e s z s ,  %owever, the  Xacli number range was extended t o  
somcwha-5 higher supercrltical values  than  those  o f  r e f -  
erences I and 2. 

Prof ’ i le  drag ivae determined !;g means of wake r-urveys. 
The t e s t s  were rciarle f o r  c o n 4 i t l o n s  i n  ;;lk.,ich a i r p l a n e  l i f t  
c o e l f i c i q n t s  f rom 0.06 t o  0.69, 8e;r;;olds nunbors f r o m  
6.4 x 106 t o  25.1 x 106, 2nd Xach numbers from 0.25 t o  0.78 
Jilere obtairred. 

The i n v e s t i s a t i c n  “;is con?.uctecl 02 a r i g h t  wing sec-  
t i o n  o f  a ~ - 4 7 ~  a i r p l a n e  ( f i g .  1). %is win.5 s e c t i o n ,  
a xepubl ic  S-3 s e c t i o n ,  had s c h a r 2  o f  36.05 i nches ,  i ; ~  

t h i c h e s s  of 11 gercen t  of tne choiid, and w a s  l o c a t e d  at 
63 ps rcsn t  of t h e  serriispan f r o m  the  p lane  o f  s:7mmetry, ar 
abaut 2 f e e t  outboard of t h e  f l ap .  A t  YhLs spsmvise s t a -  
t i o n  the t e s t  s e c t i o n  iiicl.uded t h e  :?ile;.on but tv8s ou t -  
board o f  t h e  ,-;ropell.er slipstream, t h e  gm ?opts i n  t h e  
lead ing  adge, and the shell e j e c t o r  s l o t s  i n  the lower 
sur face .  Tne nensured  o r d i n a t e s  of t h e  t e s t  s e c t i o n  8re  
g iven  i n  f r a e t l o i i s  of ths chord. i n  t a b l e  I. ”he 3epub l i c  S - f ,  
s e c t I on t e s t e d h2s pr e s s ur e - di s t r i 52% i 211 charac  t e r  i s t i c s 
s i m i i a . r  t o  those  of tke 1iliCA 2 3 C l l  a i r f o i l .  

The sv,rfaces of  t h e  t e s t  s e c t i o n  were p repa red  by 
covsr ing  t h e  p r o d m t i o n  s u r f a c e s  ~ i t h  one c o a t  of  z i n c  
chromate -grixer, one coat of g r a y  s u r f a c e r ,  and ti.vo c o a t s  
o f  o l i v e - d r a b  camouflage ?;Lint. Mcasuremsnts of s u r f a c e  
roughness made by m a n s  of a s b o ~  micr9scope ( d e s c r i b e d  d 

i n  r e fe r snce  2 )  i n d i c a t 3 d  t ha t  t h e  s u r f a c e  roughness COD- 



. 

s f s t e d  o f  p a r t i c l e s  of abcut  0.9012 i n c h  in h e i g h t  and 
n w G x r h g  roug.hly 10,000 p e r  square i nch ,  

An i n d l c a t i 6 n  o f  sur face  waviness  was obtainecl by 
rneasrs of a cu rva tu re  gzge (fi.&. 2 )  w i t h  legs spaced 4 gercen t  o f  t h e  t e s t  s e c t i o n  chord. The .xraviness ccm- 
d i t i o n  o f  t h e  u n f x i r e d  and roughened g roduc t ion  s u r f a c e s  
and also o f  t h e  faLred 2nd sxoothed s u r f a c e s  o f  r e f e r -  
ence 1 3.3 i n d i c a t e d . i n  f i g u r e  & b j 7  t h e  p l o t  of the 
wavinsss inrlex. T:/c aga ins t  SIC, where d i s  t h e  de- 
f l e c t i o n  of t h e  c m v a t u r e  gage, s i s  t h e  d i s t a n c e  a long  
t h e  s u r f a c e  from the l ead ing  edge, and c i s  t h e  t e s t  sec -  
t i m  chord. 

P r o f i l e - d r a g  measurements were made .flith a wake-survey 
r ake  (fig. 3 )  l o c a t e d  19 percent  o f  t h e  chprd behlnd the  
t r i & i l i ~ G  edgs o f  t h e  t e s t  s e c t i o n .  The rake was t h e  same 
as that  used i n  r e f e r e n c e s  1 and 2 except  that  t w o  tuSes 
spaced  i ' o w  inches  weTe added t o  each end o f  t h e  r a k e  (mak- 
i n g  a t o t a l  wi~.t.-t'n o f  23.9 i n c h e s )  ir, orde r  t o  Ferrnit a 
survey of m r e  o f  t h ~ :  wake a t  s u D e r c r i t i c a l  speeds than 
< n  -. r e re re f i ces  1 and 2. ';lake t o t a l  and s t a t i c  p r e s s u r e s ,  
f ree-s t reac :  fr,ip?ir,$ >yessure ,  m d  t h e  p o s i t i o n  of t h e  r i g h t  
aileron wers  D . S ~ . ~ I . ~ . T : ~ S  wlth 2JiCk r e c o r d i n g  in s t rumen t s .  
The sec t iDn i>rofils-drac c g e f f i c i e n t s  cdo ;ivere determined 
by t h e  i n t e ~ i ~ 2 l ; l n ~ ;  metimd o f  r e f e r e n c e  3; that  i s ,  the 

t h e n  miI.t2r:!.3.ed by  f a c t c r s  c i e ~ e c d i n g  o n  f r e e - s t r e a n  im-  
pac t  ;x'ess-xre, ma:rixum t c t a l - 2 r e s s u r e  loss, stat2.c pressure  
i n  t h e  wake, and f:.i,ght Each riumber. 

+ b o t e l - p r e s s u r e  l o s s  -mas in t eg ra t ec !  a c r m s  t h e  wake and 

The t e s t s  weye  made i n  l e v n l  i ' l i gh t ,  d ives ,  and t u r n s  
a t  29,000 f e g t  anr! o v s r  a range cf c a l i b r a t e d  a i r s p e e d s  
f r o m  150 t o  i+15 .n:?-es 7er iiwr. The a i r p l s i l e  l i f t  C O -  
e f f i c i e n t  CL obtaine-5 i n  t h e  t e s t s  ranged f r o m  0.06 t o  0.69, 
t h e  Reynolds number R from 3.1, x lo6 to 23.1 x lo6 and. t h e  
~ a c h  number M f rom 0.25 t o  0.7G. 

The i n v e s t i g a t i o n  of f l o w  c o n d i t i o n s  i n d i c a t e d  by 
s u r f a c e  t u f t s  located over a p o r t i o n  of the  u22er s u r -  
f a c e  of  the p.-4.7D a i r p l a n e  w 9 - g ,  r e p o r t e d  i n  r e f e r e n c e  4, 
showed t h a t  scmexhat i n b o a r d  o f  t n e  t e s t  sec t inn ,  a t  63 
Se rcen t  sexispan, c r o s s  f low was presen t  a t  Mach nunbers 
g r e a t e r  t h a n  0.7C a t  a l i f t  c o e f f i c i e n t  o f  0.40 and 
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g r e a t e r  than 6.76 a t  8 1:Pt  c D e f f i c i e n t  o f  0.15. Be- 
c w s e  o f  this f l o Y J  conCi t ion  and t h e  f a c t  that  t h e  wake 
a t  Nazh numbers g r e a t e r  t h a n  0.66 a t  a l i f t  c o e f f i c i e n t  
o f  O . ~ O  and g r e a t e r  t han  0.72 a t  a l i f t  c o e f f i c i e n t  o f  
0.15 extended beyonci t h e  l i m i t s  o f  the  wake-surve7 rhke,  
d t ;  wake surveys f o r  t h e s e  f l i @ i t  c o n d i t i o n s  were no t  
eva lua ted .  
L l  

Pr.>file-drag c o e f P i c i e n t s  s e l e c t e d  f o r  s e v e r a l  lift 
c o e f f i c i e n t s  f o r  which t h e  d a t a  :vera most com2lete are 
p l o t t e d  a g a i n s t  Mach nuxber i n  f i g u r e  5. Tce correspond-  
i n g  Reynolds n1mSers a r e  p l o t t e d  above t h e  j r o f i l e - d r a g  
curves .  

Figure 5 shows that  t h e  p ro f i l e - t i r ag  C o e f f i c i e n t  de- 
c rease4  with l i f t  c o e f f i c i e n t  and a t ta ined .  a. minimm 
value of’ G.009’7 over  a rznge  of l i f t  c o e f f i c l e n t s  f r o m  
at, l e a s t  0.16 t o  0.25 a t  Mach numbers below 0.61. The 
minimxm va lue  o f  t h e  p r o f i l e - d r a e  c o e f f i c i e n t  of  t h e  
faZred snd smoothed s u r f a c e s  r e p o r t e d  i n  r e f e r e n c e  1 was 
0.0062. A t  Xach i-iuxbers below t h a t  a t  which comFressibl1- 
ity shock )vas evT3ent, as i n d i c a t e 3  ‘by t h e  r u p i d  in -  
ci-ease i n  g r o f f l 9 - d r 2 g  c o e f f i c i e n t ,  v a r i a t i m  i n  Mach nun- 
b e r  of as  imch as C . 2  &;>?eared t o  have n o  e f f e c t  on t h e  
p r o f i l e - d r a g  c o e f f i c i e n t  . T h i s  v a r i a t i o n  i n  Mach nurnber, 
howevSr, was accompanLed. by an a?p rec fab le  var ia t j -or ,  i n  
Reynol-ds number, ;;fhich may have had some e f f e c t  on t h e  rc- 
sults o b t a i n s d .  3 t h e  t e s t s  o f  r e f e r e n c e s  1 and 2 var- 
i a t i o n s  i n  Xach nurrbe=. o f  as rruch 3s 0.16, with n e g l i g i S l e  
v a r i a t i o r ,  i i i  Reynolds number, na:? no e f f e c t  on the  p r o f i l e -  
drag c o e f f i c i e n t  f o r  t h e  w i n , &  s e c t i o n  wlth smooth  s u r f a c e s  
an6 f o r  t h e  wing s e c t i o n  with smooth an6 rough s u r f a c e s  
i.:ith t r h n s i t i o n  f i x e d  f a r  forward.  

, 

l-77 lne f l i g h t  Xzch nurnber an6 n i r p l a n e  l i f t  c o e f f i c i e n t  
at’  which c o n p r e s s i ’ c i l i t y  shock l o s s e s  became ev iden t  i n  
t k e  xake are shcwfi by f iguFe 6, 3-e  r n p i d l g  i n c r e a s i n g  
T”i6.th of weke t i i t k  yach nimber i s  showii i n  f l g u r e  7 as an 
i n d i c a t i o r ,  o f  t h e  pr5sence 21- c o n p r e s s i b i l i t y  shock l o s s e s  
i n  t h e  iwalca. In t h i s  PFgure the t o t a l - p r e s s u r e  loss a c r o s s  
t h e  wake i s  p r s s e n t e d  for s e v e r a l  Mach numbers a t  a l i f t  
c o e f f i c i e n t  of aSout 0.16 as a 2 l o t  of hE:/qC a g a i n s t  y/c, 
where Xd i s  the  loss I n  t o t a l  p r e s s u r e  a t  p o s e t i o n  y i n  
t h e  wake, qc i s  th6 f ree-s t rcam impact p r e s s u r e ,  and c 
i s  th’3 chsrd of t h e  ~ i n g  s e c t i o n .  ( P o s i t i o n  y/c = (f cor -  
responds t o  t e e  top  tube of  the =.&e,) ivake p r o f i l e s  f o r  
~ s c k  nrm‘uers 0.61; and 0.67 skowed no evidp,nce o f  sh-ock, but  
p r o f i l s s  for !Lath nurnSers 0.66, 0.70, and 0.78 i n d i c a t e d  
shock of  i n c r e a s i n c  i n t e n s i t y  on t h e  u;?per s u r f a c e  

d 
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Fig. 2 
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Faired and smoothed surfaces 
(reference 1) 
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0 .20 ,30 .40 s o  0 
NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS s/c 

F i g u r e  4 .  - S u r f a c e - w a v i n e s s  i n d e x  o f  u n f a i r e d  a n d  r o u g h e n e d  
p r o d u c t i o n  s u r f a c e s  a n d  o f  f a i r e d  a n d  smoothed s u r f a c e s .  



Fig. ' 5  N A C A  A C R  No. L 6 B 2 1  
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Figure 5. - Profile-drag c o e f f i c i e n t  of P-47D ring section having 

production surfaces covered with camouflage paint.  Reynolds 
number i s  p l o t t e d  above drag cd,rves. 
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' Fig. 6 

o No evidence o f  shock i n  wake + Evidence of shock in  wake 
-First indication of shock i n  rake 
- - -Crit ical  Mach number for  section with faired 

and smoothed surfaces (reference 1)  
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Figure 60- Variation with airplane l ift  coeff ic ient  of 
c r i t i c a l  Mach number and Mach number at which shock 
became evident i n  rake. 
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